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In conducting the research reported here, the investigators
adhered to "Principles of Laborstory Animal Care" as eatab-
1ished by the National Society for Medical Research.
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Monkeys were inoculated with {occidioides fmmitis and communslly caged {
vith control enimals. Six experiments were performed to ascertain the
traneaissibility of the fungus. Cross-contamination occurs when incomplete |

air-washing does not eliminate a secondsry fungal aerosol. However, a new :
air-washing technique eliminsted the secondary cerosol. When this cross-
contamination {s eliminated there is no transmission of coccidioidomycosis.
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L. _INTRODUCTION

Impetus for evaluating snimal-to-snimal transwission of infectious
microorganisms resulted when Wedue’ tabulated cross-infections occurring
{n cagemste control animals., Survey of the literature revealed that there
hes been little systemstic experimenta]l work published evaluating animal-
to-animel tranemiul.on of Coccidioides fmmitis. Some reports are con-
flicting. Jacobson placed C. immitis-infected guirea pigs in a cage
housing control guines pigs, and fed & second group of control p+inea
pigs remmants of food from the infectcs guinee pig cage. After three
months_there wa- 1o cegemste or fomite transwmission. Rosenthal and
Elmore® reported cross-infection vhen guinea pigs were caged with guinea
pigs infected by lnttatrachu} insti{llation »f spherules {n sputum,

Smith, Pappegianis, and Saitoc stated that Rosenthal and Elmnre failed

to desonstrate emdosporuis.iuy spherules or positive cultyres in the
control guinea pigs. They could not demonstrate cross-infection in t.eir
own experiments when control guinea pigs were caged with guinea pige that
had dr'ai.ntng testicular coccidioidal infections., Friedman, Smith, and
Berman stated that there {s deficient documentation for contagion with
C. immitis from the reportof Rosenthal and Elmore. Posadss® reported
that monkeys will develop coccidioidomycosis when injected subcutaneously.

" In experiments conducted at Fort Detrick no infection occur-ed im control

animais hou_'osdowith monkeys and dogs infected by respiratory exposure of
C. immitis, However, Castleberry, Converse, and Del Favero = repcrted
animal-to-animal transmission of C. fmmitis when an in.ant rhesus wmoukey
developed coccidi{oidomycosis. The infant's mother had an ulcerated
coccidioidomycotic lesion {n the medial surface of the right forearm,
After two months of i{ntimate contact the infant developed pulmonary
coccidioidomycosis.

ﬁil study was undertaken to rurnish data on the hazards associlated
with monkeys exposed by different routes. Once this informatfon e
obtained, measures can be devised to reduce or eliminate these hazards.




k I1. MATERJALS AND METHODS
s Monkeys were infected by arthrospores of C. immitis. Control monkeys

were caged with the infected monkeys. In some experiments the air from a
cage housing an infected monkey and a cagemate control was passed into a
second cage housing a control menkey.

A. CULTURE

C. immitis strain Silveira was obtained from desiccated Saboureud's

: agar cultures by the method described by Sinski et al.*® Purity, viability, i
and concentratione of the harvested spores were sscertained by serial ten-

fold dilutions of culture in 0,877, NaCl containing 0.01% tviethanolamineoleate.

?}!:‘ &
$ B. EXPERIMENTAL ANIMALS ¥
H

: Ninety-three monkeys (Macaca mulatta), of both sexes, weighing 2 to &4 kg,

i were used. Thirty-nine were {nfected by respiratory (whole-body) serosol

s exposure, or by intravenous, subcutaneous, intraperitoneal, or intramusculsr

injection of arthrospores of C. immitis, Fifty-four were controls.

§ Monkeys were tranquilizred with intramuscular injections (0.1 mg per kg v
& body weight) of Serynl* as & convenient adjunct to safe hendling of the :
H animais. :
¢ i
}

4

; C. INFECTING DOSE

E Respiratory exposure was accomplished in five experiments by placing

monkeys {n an serosol chamber within the gastight, ventilate cabinet’?® and
generating an aeroscl of dry arthrospores by compressed air. mﬁmwe

time was regulsated so each monkey would f{nhale 500 zrthrospures. The
entire body of each monkey was exposed to the aerosol. After this exposure,
the animals were sir-washed (methods to be dezcribed later) to reduce con- i
taminstion of fur, and transferred to a ventilated animal cage.'® '

In a sixth experiment monkeys vere injected with either 25 or 100
arthrospores suspended in 0.85% Na&Cl solutfion. The injection site was
disinfected with 27 peracetic acid, and the inoculated animal was trans-

ferred from the cabinet to an open wire cage containing an uninoculated
cagemare control.

% Parke-Davis Co., Detroit, Michigen,




All procedures comnected with the aerosol exposure, inoculations, and
transfer to cages were done in a closed system of cabinets with citachad
glovee (Fig. 1) that protected the experimenters. Cage handlers and
animal caretakers were protected by wearing ventilated head hoods.*

D. LABORATORY EXAMINATIONS

The monkeys were observed daily ac the time of feeding. The following
procedures were done st 2-week intervals: (i) coccidioidin semsitivity
was determined by injecting 0.1 ml of undiluted coccidioidin®* intradermally
in an eyelid, (i11{) a blood sample was withdrawn from the saphenous vein for
detection of precipitines and complement-fixation antibodies,** and (1ii)
frontal X-rays were taken.%%* Complete necropsies were performed on ani-
uals that died during the course of the experiment, and upon survivors
sacrificed at the conclusion of the experiment. Samples of tissue were
removed aseptically from the apical and diaphragmatic lobes of the lung,
the spleen, the liver, and the heart, and examined microscopically for
scherules. Sections of the tissues were triturated in 5 ml broth contein-
ing 1% Phytone (voL) wuu 1% GEXLTOBE; aLd suspensivis w.oe piated on Mycophil
agar (BBL) contairing 0.5 mg cycloheximide, 100 units penicillin, end 125 pg
streptomycin per ml, and incubated at 30 C. All plates were kept 25 days
before being discarded as negative for C. immitis. Ti=sues were fixed in
10% formilin, impregnated in paraffin, sectioned, and stained with Giemsa,
Gomor{ methenaumide silver, and periodic-acid Schiff stains for histopatho-
logical examination, wik®

Thirty-six fecal specimens were nbtafued from 18 monkeys from whom
. immitfia later was recovered at necropsy. These specimens were examined
by preparing a fecal suspension in 0,85% NaCl and plating in triplicate
on Mycophil agar containing antibiotics. Nc C. immitis was recovered.

E. ATIR SAMPLING

The serosel-challenged monkey and its normal control were placed
together {n & clesed ventilated cage from which a 3-ft-long air duct
led te a second cage contaiuing another normal monkey. The air from the
second cage went through a duct to & collecting exhaust manifold. One
air-sampling port vas lecsted in the duct connecting the first and second
cages, and another in the duct that exhausted afr from the second cage.

* From Dr. Charles E. Smith, School of Pubiic Health, University of
Californis, Berkeley, Califorafa.
*% Tasts performed by Major Robert L. Taylor, Walter Reed Army Institute
of Research, Washingtom, D.C.
90 Taken by SP-5 Arthur L. Self, and interpreted by Lt. Col. Nelron R.
" Blemly, U.§5. Army Medicel Unit, Fort Detrick, Maryland.
s*tt Performed by Captains George A. Desuville and Michsel J. Doherty,
Patholegy Division, Fort Detrick, Maryland,
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Figure 1.

Exposing Monkey to Microbial Aerosol.
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During the first 5 to B days af._er inoculation, at intervals of 4. 7, or

8 hr, 10 £t° of air was sampiled from each port by a funneled ove sampler16
that contained an antibiotic Mycophil egar petri plate. Aii plates were
incubated in the cabinet system at 20 C for 21 days and observed for
development of colomnies of C. jmmitis.
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III. RESULTS

A. FIRST EXPERIMENT

Each of six monkeye separately inhaled a calculated dose of 500 dry
arthrospores. Then ea:h animal ip turn was placed in the transfer cabinet
(Fig. 2) where air intake and exhaust were regulated so that each animal
was air-washed with 150 liters of air per =in for 15 min. Each monkey
next was moved into an attached, closed ventilated cage that housed an
unexposed monkey. The transfer cabinet was disinfected with 27 peracetic
acid. Then the cage housing the two animals was removed from the transfer
cabinet, transported to the animal room, and connected by an air duct to
another cage that housed another unexposed monkey (Fig. 3). Eighteen
monkeys were caged in this way. A 50 FG deep-bed filter'” in the first
cage filtered the air from the anim'l room as it entered the cage. The
cages were ccnnected by air ducts so that air flow was from the room,
through the 50 PG filter, through the cage housing the exposed monkey
and its cagemate control, into the adjacent cage housing a separate con-
trol monkey, into the manifold, and through an absolute filter to the
exhaust plenum, Airflow through the cages was maintained a: 635 liters
per min during the entire holding period.

Before another monkev was placed in the transfer cabinet the residual
peracetic acid in the cabinet was neutralized by a spray of 0.5% Na$,04.5H;0.
¥ After 5 min contact the cabinet was washed vith water.

;
_g
i

Aly samples collected from exhaust ducts of the first and second cages
housing rhe 18 wmonkeys showed that C. immitis was recoverable from the
erhaust air duct of the firat cage for as long as 108 hr after the aercsol-
expused monkey was placed in the cage, and from the air exhaust of the
second cage for as long as 92 hr. The animals were sacrificed 40 days
after aeroscl challenge. All 18 monkeys, except one con:rol (6C) in &
second cage, were infected. Table 1 pummarizes the results of the §
necropsies and laboratory examinationg.
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Figure 2. A{ir Washing Monke, in Transfer Cabinet.
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B. SECOND EXPERIMENT (TABLE 2)

quaternary ammonium couwpound.

contracted coccidioidomycosis,

To determine if wiping the enimal would reduce the secondary acrosol,
threc serosol-challengad ronkeys and six controls underwent the same
procedure ag in the first experiment except that sir-washing was reduced
to 10 min and the animals were wiped with a towel mofistened with 27,

C. immitis was recovered from the exhaust air of the first cage for
84 hr, and from the gir of the second cage for 78 hr,
monkeys were sacrificed 40 days after the aercsol challenge, all had

When the nine

TABLE 2. MACACA MULATTA INHALING 500 DRY ARTHROSPORES OF
COCCIDIOIDES IMMITIS, AIR-WASHED 10 MINUTES,
AND WIPED WITH 2% QUATERNARY AMMONIUM COMPOUND

[Ti4

Necropoy

Spherules C. immitis k

Prasent Cultured

Hietopathologicsl
Examinstion
(Granuiomatous Lesicns
with Spherules)

Mounkey / Coceidioidin X-Ray cr!
Nusber® Converaion  Results Precipitin Titer
1A + + 1:40 1:512
13 - - - -
1 . . . -
2 + + 1:40 1512
28 . - : .
2 - . - .
n + + 1:5 1:32
3B - - - -
x - - -

+ +

+

-

8, A = Exyosed monkey in first cage.
B = Cagemate control of A.
C = Control in sacond cags.

b, Complement fixation.
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C. THIRD EXPERIMENT (TABLE 3)

Would lengthening the air-wash reduce the secondary aerosol? Three
aerosol-chalienged monkeys and six controls were treated as in the [lirst
experiment except that this time, the three challenged animals were air-
washed with 150 liters of air per min for 25 min,

C. immitis was recov red for 64 hr from the exhaust air of the first
When the nine monkeys were

TABLE 3.

cage, and for 48 hr from the second cage.
sacrificed 50 days after aerosol challenge, all were infected.

MACACA MULATTA INHALING 500 DRY ARTHROSPORES OF

COCCIDIOIDES IMMITIS AND AIR-WASHED 25 MINUTES

Monkey

/ Coecidioidin X-Ray
Fusber® Conversion  Results

Necropsy

Spherules (. immitis
Present Cultured

Histopaihologlcal
Ex&miaation
{Granulomstou: Lesions
with Spheruiss)

1A
13
ic

88 8BEPp

+

4+

++ 4+

+

+

++ 4+

+++

est
[oi 22
Precipitin Titer

1:10 1:8
1:40 1:16
1:40 1:8
1:20 -
1:20
1:10 -

+4++ + 4

+

+++ +++

+++

+
+
+

4+ &4

+ 4+

a. A = Exposed monkey in first cage.
B = Cagemats control of A,
C = Control in second cage.
b, Cowxplement fixation.
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D. FOURTE EXPRRIMZNT (TABLE &)

The object of this experiment was to determine when the air in s cage
housing an aerosol-exposed monkey would become noninfectious for a normal
: monkey, and therefore presumably also noninfectious for man. Each of 12

| : monkeys inhaled 500 arthrospores as before and was air-washed with 150
! ' liters of afr per min for 25 min. hHowever, the 12 cagemate controls vere
‘ not placed in the cages {mmediately, Twentw-four hr after the aerosol
challenge, one non-exposed control monk.y was placed in each of three
cages housing an exposed monkey. At 48. 72, and 96 hr after exposure
the other nine nonexposed monkeys were placed with the remaining nine
exposed aonkeys. The sanimals were sacrificed 60 days after aercsol
exposure. C. immitis ccuid not be recovered by air sampling the exhaust
air efter 64 hr. Control monkeys did not contract coccidioidomycosis
when placed in the cages 72 aud 96 hr after aerosol exposure.

E. FIFTH EXPERIMENT (TABLE 5)

A nev method of air-washing was inftiated. Again three monkeys ware
aerogsol-challenged. The monkey was placed in the transfer cabinet and a
flexible nozzle was adapted to the air line to replace the usuel air flow
of 150 liters per min through the cebinet. The air £flow wvas then directed L]
through the nozzle at the monkey to ruffle the fur., The animal was manipu- '
lated so that all parts of the body were air-washed by L:is forcefil jet
of air. After 10 min the nozzle was removed and the uvsual cabinet air was
continued for five more min. These three monkeys and six controls were
caged as in experiments 1, 2, and 3. The monkeys were sacrificed 60 days
after aeroscl exposure.

,_ Sampling of the exhaust air recovered C. immitis up to 24 hr from

e cage 1, and up to 16 hr from cage 2. It should be noted that only ome

5 colony was recovered on one plate from cage 1 at 24 hr, and on one phte
from cage 2. Nome of the control monkeys was infected.




TABLE 4.

SR U

COCCIDIOIDES IMMITIS, AIR-WASHED 25 MINUTES,
ARD CAGEMATES PUT IN CAGES AT 24-HOUR INTERVALS

MACACA MULATTA INHALING 500 DRY ARTHROSPORES OF

Histopathologfical
Righest Secropey Exaninstion
Monkey Coccidioldin  X-Ray Y/ spherules . famitis (Crenulomatous Lesions
Number$: Conversion Results Precipitin Titer Present Cultures with Spherules) .
1A + + 1:40 1:1024 + + +
1B + + 1:10 1:128 + + +
2A + + 1:40 1:1024 - + +
2B + + 1:10 3:32 + - +
3A + + 1:20 1:128 + + +
k) } + + - 1:32 + - +
4h + + 1:20 1:128 - + +
4c + + 1:10 1:128 + + +
SA + + 1:20 1:512 + + +
5C + - - - - - +
6A + + 1:20 1:256 + + +
6C + + - -~ - - +
TA + 1:40 1:512 +* - +
7 - - - - - - -
T + + 1:40 1:1024 + + +
8D - - - - - - .
%A + + 1:10 1:128 + -
9D - - - - - - -
1A + 1:5 1:64 + + +
108 - - - - - - -
ilA + 1:10 1:128 - + +
11E - - - - - - -
124 + + - 1:64 + + +
i2e - - - - - - -
2. A = Exposed movkay.
B = Cagemsts control put in cage aftor 24 br.
C = Cagsmate control put ip cage after 48 hr.
D » Cagemate control put {n cage after 72 hr.
E = Cagemite coutrol put in cage after 96 hr.
Complessat fixatfon.
— o R
B -
i
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TABLF 5. MACACA MULATTA INHWALING 500 DRY AL HROSPORES OF
COCCIDIOIDES IMMITIS, AIR-WASHED 10 MINUTES
"RUFFLING THE FUR" AND 5 MINUTES NORMAL AIR-WASH
Histopstiological
Hishest ” _Jecropey Examination
Monkey / Coccidioidin  X-Bay Ccr. Spberules {. impitis (Grenulometous Lesions
Nusberd Conversion Results Precipitin Titer Present Cultured with Spherules)
1A + + 1:26 1:512 + + +
18 + + 1:10 1:256 + + +
1c + + 1:10 1:64 - o+ %
2A + + 1:40 1:512 + - +
2B + + 1:20 1:128 + - +
¢ + + 1:20 1:256 - + +
n + + 1:40 1:512 + + +
k! ] + + 1:49 1:512 - + .
k4 + + 1:10 1:64 - + +

8. A = Exposed moukey in first cage.
B = Cagemate control of A.
C = Countrol {n second cage,

b. Complesant fixation.

F. SIXTH EXPERIMENT (TABLE 6)

It seemed desirable to test whether normal control monkeys would be
infected {f caged with monkeys inoculated intrsvenously, subcutanecusly, .
intramuscularly, or intraperitoneally. For esch of these routes of
inoculation, one monkey received 25 arthrospores and two monkeys rveceived
500 arthrospores. The injection site was disinfected before and after
injection, and the needle of the hypodermic syringe was surrounded by a
cotton pledget soaked with 2% peracetic acid. Esch of these animals was
air-washed in the transfer cabinet us in the first experiment, and then
moved into an open wire cage with an uninoculated monkey (Fig. 4).

C. immictis was not recovered by air samples. The surviving monkeys were
sacrificed after 60 days of commmnal housing. None of the controls was
infected.
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Cages for Paresterally Inoculsted Nonkeys.

Tigure 4.
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IV. SCUSSION

The method by which animsls are infected by C. immitis in nature is
not completely known, Haddyl ' concluded that spherules in feces, urine,
taliva, and wound exudate were not divectly infectious if inhaled, but
that they were infectious after t:hs spherules had ruptured and germinated
infective arthrosp-res. Ahlggldtl suggested the d:I.leuae1 could be con-
tracted by ingestion. Smith  and Lubarsky and Plunkett ™ found that
ingestion of C. immitis did not cause infection. Blundell et al.” reviewed
infections via the respiratory route, described the pathogenesis cof
coccidioidomycosis, and found that an inhaled dose of seven arthrospores
would infect a monkey.

The term cross-infection can easily be misused. We believe a dffferent
term, cross-contamination, should be incorporated in transmission experi-
ments, and that there should be a clear cut differentiatiom betwesen crosgs-
contamination and cross-infection. Cross-{nfection is the transmission
of disesse from an infected animal to a control enimal. Cross-comtamina-~
tion i¢ the transmission >f microorganisme from an exposed animal tc a
control animsl. This mey occur by inhaling secondary aerosols, by physical
contact between animals, by means of contaminated food or bedding, etc.

In this study the waste-coliecting pans in the cages were separated fiom
the cage floor so that the ngxkey: could not reclaim dropped, and therefore
possibly contsminated, food.

Vhere does the secondary aerosol from an exposed animal originate?
In these experimemnts, {ir which the entire body of the monkey was exposed
to an infectious aerosol, the secondary aerosol ca.e from the fur. This
1s proved by the d{fference between the resuits of experiments 1, 2, 3,
and 4 and those in .xperiment 5.

The difference between cross-infection and cross-contamination is
evident from data in Tableg 1 through 5. l.a these experiments the exposed
monkey was placed in the cage housing an unexposed control auimal. The
monkey did not have coccidioidomycosis, becsuse it had been exposed only
15 or 25 min earlier, depending on *he air-wash time. Norwal air-washing
did not elfwinate arthrospores from the fur, as proved by sampling of the
air from the cage air ducts and consequent recovery of C. immitis for as
lomg as 108 hr after a 15-min air-wash, and for as long as 64 h: after a
25-min air-wash. Air sampling recovered C. immitis for B4 hr after the
monkey had beon given 3 10-min air-washing and then wiped with a towel
woistened with 2% QAC. Mo positive culture of C. fmmit{s was obtained
from swad samplas ¢ the woukeys and from the cage interior vhen taken at
2-week intervals. This finding coincides with the work of Sinski and
Low.* who took swab samples of sonkeys {n one of their experiments.

* Parsonsl commmication.




21

When the secondary aerosol is eliminated, cross-contamination does not
occur and the control animals remain clinically uninfected ([abl'es 4 and
5). In experiment 4 the controls at 24-hr {ntervals were put ipto tne
cagee housing &n aerosol-exposed monkey. C. immitis was recovered for
64 hr from the air. During this time, controls B and C contracted
coccidioidomycosis. But controls D and E, which were placed with
expoesed monkeys 72 and 96 hr postexposure, did not contract coccidioido-
mycosis because they were piaced in their respective cages after the
secondary aerosol had been eliminated. The exposed monkeys 7A through 12A
now became clinically 111; nevertheless infection of their cagemates did
not occur during the next 56 or 57 days (Table 4),

Furthermore, to prove that crcss-infaction and cross-contamination are
not gynonymous, parepterally injected animale were caged with normal monkeys
(Table 6). By inoculatin: the animals in an area remote from the animal
room, contaminaticr of th. fur was elininated. Three momkeys inoculated
subcutaneously dev:loped draining lesions. C. immitis was cultured from
the exudate. Alttough all the injectad monkeys became infected, cross-
infection of ~a~_.mate controls did not occur.

I1f air washing the expos=d monkey would reduce secondary aerosol
formation be.ow the infective dose, cross-contamination would be elimi-
nated. Forcibly ruffling the fur by air (Table 5) preveated cross-
contamination, not only in cagemates, but in controls receiving air only
from the cage housing the exposed sanimal and cegemate comtrol. Simple
air-waghing is insufficiemt, because arthrosporez remain fixed on the
fur, Ruffling the fur will maintain safe caging snd permit less cumber-
some and expensive caging arrangements.

The data in this study show that there i{s no wmonkey-to-monkey trans-
misa. m of coccidiocidomycosis, regardless of whether the monkey is infected
by aeresol challenge or by intravenous, subcutanecus, intraperitomneal, or
intramuscular injection of arthrospores. However, cross-rontsmination
does occur from whole-body, aerosol-cxposed monkeys as a result of inhala-
tion of a secendary aerosol that originates from the fur. The new air-
washing procedure, consisting of & 10-min forceful air-ruffling of the
fur, eliminates cross~contamination and preveant= i{nfection of cagemstes.
As a result, the danger of i{nfectifg an animal caretalmsr 13 greatly
dectoagsed, and the reliability of the experiment is increased.
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SELWN EXPERIMENT (TABLE 1) ;

Te detcraine {f wiping the animal would reduce the secondary aerosol, :
chree aerosoi-challenged monkeys and six controls underwent the same
procedure as in the f{irst experiment except that air-washing was reduced
to 10 rin and the animals were wiped with 2 towel moistened with 27,
quaternary ammonium compound.

C. immitis was recovered from the exhaust air of the first cage for
84 hr, and from the air of the gecond cage for 78 hr. When the nine
monkeys were sacrificed 40 days after the aerosol challenge, all had
contracted coccidioidomycosis.

TABLE 2. MACACA MULATTA INHALING 50C DRY ARTHROSPORES OF
COCCIDIOIDES IMMITIS, AIR-WASHED 10 MINUTES,
AND WIPED WITH 2% GUATERNARY AMMUNIUM COMPGUND

Histopathological
Highest Necropsy Examination
Monkey / Coccidioidin X-Ray CFZ/  Spheruies C. immitis {Granulomatous Lesions
Numberd Conversion kesuits Precipitin Titer Present Cultured with Spherules)
1A + + 1:10 1:8 + +
18 - + - - - + +
w - + - - + +
2A + + 1:40 1:16 + + +
2B + + 1:40 1:8 + + +
2C + 1:20 - + + +
3A + + 1:20 - + + +
33 + + - - - + +
3C + + 1:10 - + +

a. A = Exposed monkey in first cage.
B = Cagemate control of A,
C = Control in second cage.

b. Complement fixation.
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THIRD FXVERIMENT (TARLY 1) i

Would lengthening the afr-wash reduce the secondary aervosol? 7Three
aerosol-challenged monkeys and gix controls were treated as in the first
experiment except that this time rthe three challenged animals were air-
waghed with 15C liters of air per aoin for 25 min.

C. immitis was recovered for 64 hr from the exhaust air of the first
cage, and for 48 hr from the second cage. When the nine monkeys w' =
sacrificed 60 days after aerosol challenge, all were infected.

TABLE 3. MACACA MUL.. TA INHALING 500 DRY ARTHROSPORES OF
COCCIDIOIDES IMMITIS AND AIR-WASHED 25 MINUTES

Hi.topathological
Highest Necropsy Examination
Monkey Coccidioidin X-Ray CF2Y  Sphernles (. immitis (Grenulomstous Lesions
Number2 Conversion Results Precipitin Titer Present Cultured with Spherules)
1A + + 1:20 1:512 + + +
1B + + 1:10 1:256 + + +
1c + + 1:10 1:64 - + +
2A + + 1:40 1:512 + + +
2B + + 1:20 1:12#8 + - +
2C + + 1:20 1:256 - + +
3A + + 1:40 1:512 + + +
3B + + 1:40 1:512 - + +
3c + + 1:10 1:64 - + +

a. A o Expoced wonkey in first cage.
B = Cagemate control of A,
€ = Control in second cage.

b. Complement fixation.
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TARLY 5. MACACA MULATTA INHALING 500 DRY AXRTHROSPORES OF
COCCIDIOIDES [MMITIS, AIR-WASHED 10 MINUTES
"RUFFLING THE FUR'" AND 5 MINUTES NORMAL AIR-WASH
Histopathological
Highest Necropsy Examination
Monbey / Coccidintdin X-Ray CF= Spherulec C. immitis (Granulomatous Lesions
Numberd Conversivn Results Precipitin Titer Present Cultured with Spherulcs)
1A + + 1:40 1:512 +
1B - - - - - - -
ic - - - - - - -
2A + + 1:40 1:512 - + +
2B - - - - - - -
2C - - - - - -
3A + + 1:5 1:32 + + +
3B - - - - - -
3C - - - - - - -

&. A = Exposed monkey {n first cage.
B = Cagemate contrel of A,
C = Control in second cage.

b. Couplement fixation,

F. SIXTH EXPERIMENT (TABLE 6)

It seemed desirable to test whether normal control monkeys would be
infected if caged with monkeys inoculated intravenously, subcutaneously,
intramuscularly, or intraperitoneally. For each of these routes of
inoculation, on. monkey received 25 arthrospores and two monkeys received
500 arthrospor2s. The injection site was disinfected before and after
injection, and the needle of the hypodermic syringe was surrounded by a
cotton pledget soaked with 27 peracetic acid. Each of thege animals was
air-washz? {n the transfe. catinet us in the first experiment, and then
moved into an open wire cage with an uninoculated monkey (Fig. 4).

C. immitis was not recovered by air samples. The surviving monkeys were
sacrificed after 60 days of communal housing. None of the controls was
infected.
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